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METHOD AND APPARATUS FOR THE CONTROL OF A SPRAY ING 
APPARATUS ~ ' 



Background of the invention 

The present invention relates to a method as defined in the preamble of 
claim 1 for controlling a spraying apparatus, especially A spraying appa- 
ratus designed for the humidification of the Intake air of a piston en- 
gine. 

The invention also relates to an apparatus as defined in the preamble of 
claim 14. 

The exhaust gases of piston engines. In particular diesel engines, con- 
tain many kinds of noxious combustion products. At the high combus- 
tion temperatures, the combustion process in the cylinders of a piston 
engine produces nitrogen oxides (NOx), which are emitted together with 
the exhaust gases Into the atmosphere. Because of the harmful envi- 
ronmental effects of nitrogen oxide emissions, efforts are undertaken to 
minimize their production. 

As is known, adding water to the combustion process reduces the gen- 
eration of nitrogen oxides. This phenomenon is based on the cooling ef- 
fect of water. In practice, the Introduction of water into the combustion 
process is often implemented by injecting water into the intake air. 
These arrangements are advantageous in respect of efficiency of the 
engine. The maximum amount of water introduced into the combustion 
space of the engine may advantageously be that amount which will re- 
main in gaseous form In the Intake air pressure and temperature condi- 
tions. 

The object of the invention is to achieve a completely new type of con- 
trol system that allows the Intake air to be humidified In a desired man- 
ner in different engine load conditions. 
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Another object of the Invention is to achieve a control apparatus that 
allows the humldlfication of intake air in different engine load condi- 
tions. 

The nnethod of the invention is characterized In that,. in accordance with 
the control system's Instructions, when the required annount of water to 
be supplied through the nozzles increases, liquid flow passages are 
opened for more nozzles and/or the liquid flow is directed to a nozzle, 
that permits a larger liquid flow through it per unit of time, and when 
the required amount of water to be supplied through the nozzles de- 
creases, liquid flow passages are closed at least for some of the nozzles 
and/or the liquid flow is directed to a nozzle that permits a smaller liq-. 
uid flow through it per unit of time. 

The method of the invention Is additionally characterized by what is 
stated In claims 2 - 13. 

The apparatus of the invention is characterized by what is stated in 
claims 14 ~ 25. 

The solution of the Invention has numerous significant advantages. By 
applying the method of the invention, a very accurate control of a 
spraying apparatus can be easily achieved using a relatively economical 
pump unit. By providing the spraying head with nozzles having different 
properties, the amount and/or characteristics of the water mist to be 
injected can be varied In a desired manner by opening and closing the 
medium channels leading to different nozzles In the spraying head. By 
providing a constant-output pump and a return line whose k-value al- 
ways corresponds to the k-values of the closed nozzles, a system is 
achieved in which the sum of the k-values is always substantially con- 
stant. By using a pressure medium to control the valves in the return 
line, the number of solenoid valves needed can be reduced. The pres- 
sure medium used for the control of the return line valves and/or a sec- 
ond pressure medium can be circulated to the nozzles to keep them 
clean when no liquid to be Injected is passed through them. 
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Brief description of the figures 

In the following, the invention will be described in detail by the aid of an 
example with reference to the attached drawings, wherein 

5 

Fig. 1 presents a diagram representing an apparatus according to the 
invention. 

Fig. 2 illustrates the supply of a liquid quantity per unit of time as a 
10 function of engine load in the apparatus of the invention. 

Fig. 3 presents a second embodiment of the solution of the invention in 
diagrammatic form, and • . 

Rg. 4 presents a third embodiment of the solution of the invention in 
15 diagrammatic form. 

Detailed description of the invention 

Fig. 1 presents a diagram representing the method and system of the 

20 invention in diagrammatic form. The system comprises at least two 
nozzles la, lb, Ic, Id, which are disposed in the engine's air intake 
duct or in a corresponding space leading to the combustion chamber of 
the engine for humidlfication of the Intake air. In the case presented in 
the figure, four nozzles are shown, with a channel 2a, 2b, 2c, 2d leading 

25 to each nozzle from a supply pipe 4 supplying a pressure medium, pref- 
erably an aqueous liquid. The pressure medium is fed Into the supply 
pipe by a pump 6, driven by a drive device 7. The pump pumps the 
pressure medium from a pressure medium source 10, such as tank. 
Reference numbers 8 and 9 indicate a pipe and a relief valve through 

30 which the liquid can flow in case the pump pressure and the pressure In 
pipe 8 exceed a certain presettable limit value. Reference numbers 13 
and 15 indicate valves, and reference number 14 indicates a filter. The 
filter prevents particles that could clog the valves la, lb, Ic, Id of the 
spraying head from entering the spraying system. When the liquid sur- 

35 face In the container 10 falls below a certain level, a level switch 11 will 
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open valve 13. Switch 24 will close the valve when the water level in 
the container 10 has risen to a given height. 

The pump 6 is preferably a constant-output pump which always pumps 
the same amount Q of pressure medium per unit of time into the supply 
pipe 4 when running. The pump drive 7 Is preferably a motor, such as 
an electrically operated direct-current motor, which drives the pump at 
a constant speed. The channels 2a, 2b, 2c, 2d leading to the nozzles are 
provided with valve elements Al, Bl, CI, Dl, which can be opened and 
closed as instructed by the control system. The control system typically 
controls the valves Al, Bl, CI, Dl according to the required amount of 
liquid to be sprayed, preferably according to the engine load, so the 
amount of liquid supplied Into the Intake air typically increases with the 
engine load. The system comprises a return pipe 5, through which the 
liquid quantity not fed into the intake air returns to the tank 10. Dis- 
posed between the supply pipe 4 and the return pipe 5 are valve ele- 
ments A2, B2, C2, D2, which can be opened and closed as instructed by 
the control system. For each closed feed channel 2a, 2b, 2c, 2d leading 
to the nozzles la, lb, Ic, Id, a corresponding channel 3a, 3b, 3c, 3d 
opening into the return pipe 5 Is provided. If all the nozzle feed channel 
valves Al, Bl, CI, Dl are open, then the valves A2, B2, C2, D2 In the 
flow passages leading to the return pipe 5 are closed, and vice versa. 
The sum of the k-values of the return channels substantially corre- 
sponds to the sum of the k-values of the closed nozzles and those of 
their feed channels. In the embodiment represented by the figure, each 
channel 3a, 3b, 3c, 3d leading into the return pipe 5 is provided with a 
throttle element, which Is adjusted to match the k-value of the nozzle in 
closed state. Thus, the sum of the k-values in the system remains sub- 
stantially constant. In the case of Fig. 1, valve element Al in the feed 
channel 2a leading from the supply pipe to valve la is open, thus allow- 
ing the liquid to flow to the nozzle. The valves Bl, CI, Dl In the feed 
channels leading to the other valves are closed, thus preventing liquid 
flow to valves lb, Ic, ic. Correspondingly, valve A2 in the channel 3a 
leading to the return pipe 5 is closed, preventing liquid flow through 
channel 3a Into the return pipe. Valves B2, C2, D2 in the other channels 
3b, 3c, 3d arranged between the supply pipe and the return pipe are 
open, permitting the liquid to flow through them into the return pipe 5. 
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The channels are provided with a throttling 17b, 17c, 17d or equivalent, 
which corresponds to the k-values of the closed nozzles. By providing 
nozzles having different characteristics and different flow rate capaci- 
ties, a very large control range can be covered accurately. In the case 
5 of Fig. 1, by using a punnp with an output capacity of 15 l/min, where 
nozzle la has an output of 1 l/min, nozzle lb an output of 2 l/min, noz- 
zle Ic an output of 4 l/min and nozzle Id an output of 8 l/min, the en- 
tire range of 1 - 15 l/min can be covered by opening and dosing the . 
valves. The pressure Is typically constant in the system. When the en- . 
10 gine load increases, the amount of liquid flowing into the intake air 
through the nozzles is increased by increasing the number of nozzles 
and/or by selecting a nozzle that permits a larger liquid quantity, to flow 
through it in a unit of time. When the engine load decreases, the 
amount of liquid flowing through the nozzles supplying liquid Into the 
15 Intake air is reduced by reducing the number of nozzles and/or by se- 
lecting a nozzle that permits a smaller amount of liquid to flow through 
it in a unit of time. In connection with the above-described operation, 
the amount of water supplied into the return pipe by the "by-pass" 
route is correspondingly adjusted in Inverse proportion to the amount of 
20 water fed through the nozzles, In a corresponding manner, the throt- 
tling Is adjusted so that at least when liquid is being Injected into the 
Intake air in the system, the sum of the k-values (Ik) remains substan- 
tially constant regardless of whether the liquid is passed through the 
nozzles or through the return pipe or whether a portion of the liquid 
25 quantity is passed through the nozzles and another portion, substan- 
tially the rest of It through the return pipe. The flow rate for a nozzle is 
given by the formula Q=kVp, where Q Is the flow rate, p Is the pressure 
forcing the medium through the nozzle and k is the nozzle resistance. 
The value of the factor k depends on the area of the nozzle aperture, 
30 among other things. In the case of circular aperture, the value of the 
factor k depends on the aperture diameter d according to the equation 
k=0.78*d^ when the aperture is a so-called short aperture. The resis- 
tance of the return pipe Is adapted to correspond to the resistance of 
the closed nozzles. 

35 

Fig. 3 presents a second embodiment of the apparatus of the invention. 
In this case, a second pressure medium source 20, e.g. pump unit for 
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pumping pressurized air Is provided In connection with the spraying ap- 
paratus. The second pressure medium Is supplied through a supply pipe 
21 into the channel 2a, 2b, 2c, 2d leading to the nozzles la, lb, Ic, Id 
via second feed channels 25a, 25b, 25c, 25d. The feed channels 25a, 
5 25b, 25c, 25d are connected to the channels leading to the nozzles at a 
point between valve elements Al, Bl, CI, Dl and the nozzles la, lb, 
Ic, Id. The second valves A2, B2, C2, D2 arranged in connection with 
the channels leading to the return line 5 are controlled using the pres- 
sure of the first pressure medium. When the control system gives a sig- 

10 nal and at least one of the first valve elements Al, Bl, CI, Dl is 
opened, the first pressure medium, typically water to be injected can 
enter into the second feed channel 25a, 25b, 25c, 25d arranged be- 
tween the valves and the nozzles. The pressure medium can act on the 
regulator 24a, 24b, 24c, 24d controlling the second valve element A2, 

15 B2, C2, D2, this pressure being greater than the spring load of the 
regulator, with the result that at least one of the valve elements Is 
closed. A second pressure medium, such as a liquid or gas or a mixture 
of these, is supplied through the feed channels 25a, 25b, 25c, 25d to 
the nozzles not in use. The pressure of the second pressure medium Is 

20 typically lower than the pressure of the first pressure medium In the 
supply pipe 4, Therefore, when first valve element Is opened, the first 
pressure medium can enter the second supply pipe regardless of the 
pressure of the second pressure medium acting there. Each one of the 
second feed channels 25a, 25b, 25c, 25d Is provided with a check valve 

25 23 to prevent the first pressure medium from entering the second sup- 
ply pipe 21. After the nozzle has stopped spraying, the system works In 
the converse manner. Thus, when the first valve element is closed, the 
pressure in the second supply channel falls, with the result that the 
spring force in the regulator of the second valve exceeds the counter- 

30 force of the pressure medium and opens the second valve element. The 
second pressure medium is now able to flow into the second feed chan- 
nel, forcing the first pressure medium remaining there to flow before It 
into the nozzle. The second pressure medium Is allowed to flow through 
the nozzle, thus preventing the nozzles from becoming clogged in the 

35 air intake duct. The pressure of the second pressure medium in the pip- 
ing Is e.g. 6 bar. The force produced by the spring element of the regu- 
lator of the second valve element corresponds to a pressure of e.g. 10 



wo 03/089776 PCT/FI03/00302 



bar, so the second valve element will close when the pressure In the 
second feed channel exceeds 10 bar. Naturally, Instead of a spring ele- 
ment, other elements capable of corresponding operation may also be 
used. 

5 

A method for controlling a spraying apparatus, especially a spraying ap- 
paratus designed for the humldiflcation of intake air, said apparatus 
comprising at least two spraying nozzles la, lb, Ic, Id for Injecting liq- 
uid Into the Intake air. In accordance with the control system's instruc- 
10 tions, when the required amount of liquid to be supplied through the 
nozzles increases, liquid flow passages are opened for more nozzles la, 
lb, ICr .ld and/or the liquid flow Is directed into. a flow channel, leading 
to a nozzle that permits a larger liquid flow through It per unit of time, 
and when the required amount of liquid to be supplied through the noz- 
15 zles decreases, liquid flow channels are closed at least for some of the 
nozzles and/or the liquid flow is directed to a nozzle that permits a 
smaller liquid flow through it per unit of time. A substantially constant 
amount of liquid per unit of time is fed into the supply pipe 4 and at 
least a portion of the liquid quantity supplied that is not directed to the 
20 nozzles Is conveyed Into the return pipe 5. The pressure in the supply 
pipe 4 Is kept substantially constant, regardless of the number of spray- 
ing head nozzles. The k-value (resistance) of at least one of the chan- 
nels leading into the return pipe 5 is adjusted to make it correspond to 
the k-value (resistance) of the dosed nozzles. The sum of the activated 
25 (open) k-values is maintained at a substantially constant value. The liq- 
uid to be fed Into the return line Is conveyed through at least one return 
channel 3a, 3b, 3c, 3d Into the return pipe. The return channel 3a, 3b, 
3c, 3d Is provided with at least one valve element A2, B2, C2, D2, 
which is controlled on the basis of impulses given by the control system. 
30 In at least one return channel 3a, 3b, 3c, 3d, a throttle element 17a, 
17b, 17c, 17d or equivalent having a k-value adapted to correspond to 
the k-value of the at least one dosed nozzles Is used. The amount of 
liquid to be supplied through the nozzles la, lb, Ic, Id Is adjusted as a 
function of the engine load. Through the nozzles la, lb, Ic, Id, a liquid 
35 mist, espedally a water mist is Injected. The liquid mist is injected at a 
pressure of 10 - 300 bar. The maximum droplet size of the liquid mist 
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injected is typicaiiy 200 micrometers. A second medium is conveyed to 
the nozzle when in it is in closed state to prevent clogging of the nozzle. 

An apparatus for supplying a liquid mist Into the intal<e air of an engine, 
said apparatus comprising at least tvyo nozzles for injecting a liquid mist 
into the air intake duct. The apparatus comprises at least two feed 
channels 2a, 2b, 2c, 2d provided with valve elements Al, Bl, CI, Dl, a 
control system, which gives Impulses on the basis of which the afore- 
said valve elements are opened and closed, liquid supply means 4, 6, 
10 for supplying an aqueous liquid into a feed channel 2a, 2b, 2c, 2d 
leading to at least one nozzle. The apparatus further comprises an out- 
let pipe 5 and at least one outlet channel 3a, 3b, 3c, 3d, through which 
a connection to the outlet pipe from the supply pipe 4 leading to the 
nozzles can be opened and closed. The outlet channel 3a, 3b, 3c, 3d is 
provided with a valve element A2, B2, C2, D2, which has been arranged 
to close when the corresponding valve element Al, Bl, CI, Dl in the 
feed channel 2a, 2b, 2c, 2d leading to the nozzle opens and to open 
when the valve element in the corresponding feed channel leading to 
the nozzle closes. The apparatus comprises means for keeping the flow 
resistance (sum of k-values) constant. The apparatus comprises a num- 
ber of feed channels 2a, 2b, 2c, 2d leading to the nozzles and a corre- 
sponding number of return channels 3a, 3b, 3c, 3d as well as valve 
elements for each feed channel and return channel, each feed channel - 
return channel pair being controlled together so that when the feed 
channel opens, the return channel closes and vice versa. The return 
channels are provided with a throttle element 3a', 3b', 3c', 3d' or 
equivalent. The liquid supply means comprise a liquid source 10 and a 
pump 6. The control system has been adapted to control the apparatus 
on the basis of engine load. The apparatus comprises means 20, 21, 
25a, 25b, 25c, 25d for conveying a second pressure medium to a noz- 
zles la, lb, Ic, Id whose feed channel is in closed state to prevent 
clogging of the nozzle. 

At least one spraying head la, lb, Ic, Id of the spraying apparatus is 
connected directly to the air intake duct structures, and a fine mist pro- 
duced by the spraying head comprising at least one nozzle is produced 
directly into the intake air in the air Intake duct. When the solution of 
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the invention Is used, no extra chambers or other containers are needed 
in the air Intake ductwork. The nozzles feed water mist under a high 
pressure into the air intake duct. The pressure is typically over 10 bar, 
preferably over 30 bar, most preferably over 50 bar. The pressure may 
5 be typically between 10 - 300 bar. .The water Is In the form of a fine 
mist. Preferably 50 % of the water volume (Dv50) Is In the form of 
droplets having a size typically below 200 micrometers, preferably be- 
low 100 micrometers and more preferably below 50 micrometers. Under 
high load conditions, the droplet size may be larger. 

10 

The nozzles in the spraying head may have different properties, which 
have been adapted according to the placement of each nozzle. The form 
of the spraying head, the number of nozzles and their orientation may 
vary depending on the application. It is also possible to supply different 
15 mediums to the nozzle, such as water and gas. The figure does not 
show the nozzles in detail, but they may be replaceable depending on 
the application. 

Fig. 4 presents yet another solution according to the Invention. It com- 

20 prises nozzles la, lb, Ic, id arranged in feed channels 2a, 2b, 2c, 2d, 
each channel having a different number of nozzles placed at different 
positions in the air Intake duct K. In this embodiment, too, the valve 
elements A1-A2, B1-B2, C1-C2, D1-D2 controlling the liquid flow going 
into the nozzle feed channels 2a, 2b, 2c, 2d and the return channel 3a, 

25 3b, 3c, 3d are controlled in pairs. These valve element pairs are most 
appropriately controlled by means of solenoid valves Al', Bl', CI', Dl'. 
The return channels are provided with variable throttles 17a, 17b, 17c, 
17d, by means of which the flow can be adjusted as desired. Corre- 
spondingly, the pressure can also be varied by opening and closing the 

30 throttle elements in the return channel. In this embodiment, the valve 
elements and throttles are arranged as control blocks, indicated in the 
figure by the number 39 and a broken line. This embodiment likewise 
comprises a nozzle cleaning system. In which a pressure medium, such 
as pressurized air. Is supplied from a pressure medium source via a 

35 pipeline 21 by means of a pump. The pressure medium supply line 21 of 
the cleaning system is provided with a variable throttle element for the 
control of the flow. The control system further comprises a temperature 
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regulating system, whereby the temperature of the liquid to be injected 
can be adjusted. The system comprises a heat exchanger element 33 
arranged in the return line 5, to which heat can be supplied via a line 
and valve 38. When a small amount of liquid is to be injected, most of 
the liquid quantity supplied by the pump returns back via. the return 
line. The pressure is at least partly converted to heat as it passes 
through the throttle elements 17a - 17d, the liquid entering the return 
line being thus heated. From the return line, at least some of the liquid 
can be conveyed directly to the pump 6 or Into the tank 10. In this 
case, the heat exchanger element 33 may be superfluous because the 
system itself generates sufficient heat in the liquid. For example, in low- 
load conditions, if only 10 % of the pump output Is passed into the in- 
take air, as much as 90 % of the power of the pump motor will be 
transferred for heating the liquid. Similarly, the heat exchanger 33 may 
also recover heat and transfer It to another part. In the system, it is 
possible to obtain heat for the liquid to be sprayed even without a heat 
exchanger. The return line 5 is also preferably provided with a filter 
element 34 for removing impurities from the liquid. 

The nozzles are therefore of a type such that they produce a jet of fine 
mist when fed with liquid under a high pressure. Many kinds of nozzles 
of this category are known, e.g. from fire extinguishing technology em- 
ploying water mist. For example, specifications WO 92/20454 and WO 
94/06567 disclose nozzles that produce a water nnist at a high pressure. 
Naturally, other types of nozzles may also be used, e.g. specification 
WO 01/45799 discloses yet another nozzle. 

The amount of water supplied through the nozzles typically increases 
with increasing engine load. Thus, when the engine load is low, it is 
possible to supply water only to some of the nozzles and increase the 
number of spraying nozzles when the load increases. Similarly, the 
spraying head can be provided with nozzles having different properties, 
such as flow rate, droplet size produced by the nozzles, etc. It Is thus 
possible to form different combinations, which can be adapted to a wide 
range of different applications, different engine types, different place- 
ments and conditions. 
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The apparatus of the invention Is able to make full use of the quantity 
of heat required for the vaporization of the water, cooling the intake air 
at each injection point to a temperature close to the wet bulb tempera- 
ture (or adiabatic saturation temperature, which in the case of a water- 
5 air mixture is practically the same thing), i.e. to the temperature to 
which it is possible to reduce the air temperature by vaporization of wa- 
ter. 

Thus, the humidity of the gas entering the cylinder and therefore the 
10 formation of nitrogen oxides is controlled within desired limits. 



15 



It is obvious to the person skilled In the art that the invention is not lim- 
ited to the embodiments described above, but that it may be varied 
within the scope of the claims presented below. 



